). MEASUREMENTS: Impedance and phase angle were determined for the whole body (13 patients) and separately for arms and legs (10 patients). RESULTS: Bioimpedance index (height 2 aimpedance) and phase angle were lower in the undernourished group. Whole-body impedance declined (median, min-max) by 45, 1-151 Ohm after refeeding; the variations of bioimpedance index (BI-Index) were weakly correlated (P`0.10) with BMI changes. Limb phase angles increased with refeeding, but only changes in whole-body phase angle were correlated (P`0.025) with the corresponding variations of Wt or BMI. CONCLUSION: Whole-body phase angle increased after weight recovery of anorexic patients, suggesting the occurence of modi®cations in the extracellular-to-intracellular water ratio. These changes were proportional to the increase in BMI and Wt.
Introduction
In the evaluation of nutritional status, it is of particular interest to develop simple, reliable methods to assess body composition changes that occur in proteinenergy malnutrition (PEM). Bioelectrical impedance analysis (BIA) is an inexpensive technique based on the measurement of some electrical characteristics of the human body which are commonly summarized into two basic variables: impedance (Z) and phase angle (PhA). While impedance and bioimpedance index (BI-index height 2 aZ) have been commonly included in the predictive equations applied to determine total body water (TBW) or fat free mass (FFM) 1, 2 in cross-sectional studies, contrasting results have been reached so far on the use of BIA in assessing body composition changes (for example, see Refs 3 ± 9 ). A promising application of BIA has been suggested in the last few years: abnormal values for both PhA and multifrequency BIA (as a ratio of Z at lower frequencies to Z at higher frequencies or vice versa) are likely to be due to an altered distribution of water between extracellular space and intracellular space, as occurs in dehydration, AIDS, PEM, critical illness, liver cirrhosis etc. (for example, see Refs 10 ± 17). Thus, Z and PhA by themselves could be employed at the bedside for clinical purposes, especially if their usefulness in longitudinal evalution of nutritional status were proven.
BIA has been already applied to anorexic patients in some previous studies;
18 ± 24 we have already described major changes in BI-index and phase angle in very undernourished subjects 20 and the possibility of predicting TBW from the BI-index with reasonable accuracy. 24 The aim of this longitudinal study was, on the other hand, to describe the variation of BIA variables per se (for the whole body and limbs) occuring after recovery of body weight (Wt) in undernourished young women with anorexia nervosa.
Subjects and methods

Subjects
Thirteen female patients suffering from anorexia nervosa and twenty-®ve age-matched well-nourished women, participated in the study. ) who were chosen from the staff members and the students of the Medical School. The subjects were not suffering from any gastro-intestinal, systemic or metabolic disease. None of them were in physical training on a regular basis nor were they smokers. All the anorexic patients were amenorrheic when in the undernourished condition. WnC subjects and the three refed anorexic women with a normal menstrual cycle were investigated between day 6 and day 10 of their menstrual cycle. Data on segmental BIA were recorded for most of the individuals described above: 10 anorexic patients before (37.5 AE 6.5 kg, 15.0 AE 1.8 kgam 2 ) and after Wt gain (52.2 AE 6.5 kg, 21.0 AE 2.5 kgam 2 ) and in all the WnC women.
The anorexic patients and the volunteers gave their informed consent to the experiment, and the study protocol had been previously approved by the ethical committee of the Medical School -University Federico II, Napoli.
Methods and statistics
Anthropometric and BIA measurements were performed by the same observer, according to standardised procedures: the means of paired measurements, repeated immediately, were recorded and used for statistical analysis. The reproducibility of such measurements is, in our laboratory, similar to that described in the literature: the between-day coef®cient of variation is about 5 ± 7% for skin-fold thickness, 2% for whole-body impedance, 3 ± 4% for segmental impedance and`0.2 for whole-body and limb phase angle. The study was carried out between 09.00 ± 10.30 h, after an overnight fast in a thermoneutral environment (24 ± 26 C). After voiding, each patient lay supine on a bed for 30 min before measurement, to avoid the in¯uence of posture on BIA.
26 Impedance (Z: in Ohm) and phase angle (PhA: in degrees) were determined with a four-terminal analyser (model BIA-101, Akern-RJL, Florence, Italy) that used an alternating electric current at 800 mA and 50 kHz. The accuracy and reproducibility of the analyser were assessed by measuring test objects of known impedance and phase angle. Segmental BIA of the whole body, arms and legs was performed with the exploring aluminium electrodes placed as previously described, 27 between wrist and ankle (whole body), wrist and shoulder (arms), thigh and ankle (legs), while the injecting electrodes were placed on the dorsal surface of the hands and the feet and never moved during measurements.
Mean values for the left and right sides of the body were considered for statistical analysis and presentation: the reproducibility of such measures are similar and slightly better than those already reported for oneside analysis. Whole-body Z was expressed in either absolute value or as BI-index (height 2 aZ). Anthropometric data were recorded immediately after BIA. Height was measured to the nearest cm (with the subjects standing straight and without shoes) and body Wt to the nearest 0.1 kg on a beam-balance scale. Skinfold thickness was determined to the nearest 0.2 mm with a Harpenden calliper at the biceps, triceps, subscapular and suprailiac sites on the left side of the body. The percentage of body fat was calculated from the sum of these four skin-folds according to Durnin and Womersley, 28 and body composition (fat-free mass FFM and fat mass FM) accordingly derived. These anthropometric estimates give similar results on a group basis also in very underweight patients when compared to more sophisticated methods such as dual energy X-ray absorptiometry (DEXA). 29 Results are reported as mean AE s.d., unless otherwise indicated. One-way ANOVA and the Tukey's test were employed to assess differences between UnA or RfA patients and the WnC group. The Student's t-test for paired data was used to compare anorexic women before and after refeeding. Simple correlation coef®cient and regression analyses were used to assess the relationships between variables. Table 1 reports some anthropometric characteristics of the study groups. The body Wt of the UnA women ranged between 27.3 ± 49.0 kg, while their BMI varied from 11.7 ± 18.1 kgam 2 . When subjects achieved a normal body mass (BMI 18.6 ± 24.8 kgam 2 ), they were again studied in the stable-refed condition.
Results
FFM and FM (calculated from skin-fold thickness) were very similar in the RfA group (38.7 AE 3.2 and 14.1 AE 4.3 kg, respectively) and in the WnC group (38.5 AE 2.6 and 14.9 AE 2.9 kg, respectively) and both were substantially lower in the UnA women (31.8 AE 2.9 and 5.2AE 2.8, respectively) ( Table 1) .
Whole-body Z was higher and, conversely, BIindex was lower (P`0.05) in the UnA group than in the other two groups ( Table 2 , the modi®cations in whole-body BI-index were weakly (P`0.10) related to BMI increases while, on the contrary, whole-body PhA changes were well correlated (P`0.025) with those in Wt and BMI and less strictly to those in body composition. Regression analyses indicate that PhA increased by 0.088 (95% con®dence intervals (CI): 0.010 ± 0.166) and 0.219 (95% CI: 47 ± 391) degrees per unit of Wt and BMI, respectively. PhA changes was also related to BI-index (r 0.574; P`0.05). Segmental BIA also showed signi®cant changes with refeeding: Z decreased (for arms 328AE 21 vs 373AE 30 ohm; P 0.003; for legs 262AE 22 vs 284AE 38 ohm; P 0.06), while PhA increased after Wt recovery (Table 3 ). However none of these changes was correlated with the corresponding variations in Wt or BMI.
Discussion
The results of this study indicate that Z and PhA, which are altered in under-nourished anorexic patients, substantially change when these patients regain a normal body mass.
Anorexia nervosa is a condition of PEM characterised by large changes in body composition with the BMI falling in some patients we studied below 12 kgam 2 . As assessed by skin-fold thickness, FFM and FM were lower in the UnA patients, but increased, with refeeding, to values which were very close to those of the WnC group. In both conditions, the anorexic patients were studied when their Wt was substantially stable.
Although several studies have demonstrated that Z and BI-index are strictly associated with FFM and TBW in healthy subjects and ill patients, 1,2 it is still debated whether and for which purposes BIA can be used in the evaluation of body composition changes. 1 ± 9 Taking into consideration that previous results have indicated that in patients suffering from eating disorders BIA may be a useful tool to predict either TBW 24 or body fat changes, 23 the present study was designed to focus on the changes in Z and PhA per se occurring in anorexic patients after Wt recovery.
As expected, Z was higher in the undernourished anorexic women than in the other two groups, very likely because of the reduction in water-containing fat-free tissues. Z also decreased (and conversely BIindex increased) after Wt gain in each of the anorexic Bioimpedance analysis and weight gain in anorexia nervosa L Scal® et al patients, but, as already observed in obese patients on a diet, 3 only a weak relationship was observed between modi®cations in whole-body Z or BI-index and the changes in Wt, BMI or FFM. This observation can be justi®ed by the small sample size or by factors speci®cally affecting BIA determinations such as measurement error, day-to-day variation and altered hydration. 26 Z changes can also be affected by the redistribution of body¯uids between intracellular and extracellular compartments, 30 which occurs in refed anorexic patients. 31 With respect to skin-fold thickness measurements, this technique was not considered as a reference method for assessing body composition changes, ®rst of all because of a relatively low reproducibility. 32 The relationships of BIA variables with FFM and FM derived from skinfold thickness were indeed reported, but only to give some information about the comparative use of these two ®eld techniques.
Our data suggest, on the other hand, that PhA may be useful per se in the evaluation of body composition. As already observed, 20 PhA was lower ( 7 30 .9% compared with the WnC group) in the undernourished anorexic patients. Moreover, in these subjects a speci®c relationship between PhA and Wt or BMI is suggested by at least two considerations. First, whole-body PhA was related to body Wt and BMI in the UnA patients but not in the other two groups, nor in a larger sample of normal weight and overweight young women previously considered (unpublished data). Secondly, whole-body PhA increased after Wt recovery, to an extent that was proportional to the changes in body Wt or BMI. PhA should be related, at least in theory, to the capacitant effects of cell membranes, tissue interfaces and non ionic tissues: low values could therefore suggest a relatively low body cell mass or, more indirectly, a higher ratio of extracellular-to-intracellular water. These considerations are supported by the observation that PhA abnormalities occur in conditions, such as cirrhosis, cholera, AIDS, critical illnesses and dialysis, where there is an abnormal distribution of body water. 10 ± 17 Similarly, PhA was lower in the UnA women, very likely because of the relative expansion of extracellular space already described in such patients. 31 Also the increase in PhA observed after Wt recovery was in agreement with the inverse relationship already observed in anorexia nervosa between extracellular space and body Wt. 31 Thus, PhA changes could be reasonably attributed to the variation of the ratio of extracellular-to-intracellular water. Since in our experience PhA is strictly related to the ratio Z at 5 kHzaZ at 100 kHz (r 0.92 in a cross-sectional observation of 76 anorexic patients), the changes in Wt or BMI are also expected to be associated with modi®cations in multi-frequency BIA.
Finally, segmental BIA could, in theory, yield information on limb composition which are obscured by whole-body measurements. In cross-sectional studies, limb Z was signi®cantly related to corresponding arm FFM and leg FFM 33 and can also be used to calculate total FFM. 34 Indeed, in the present study the impedance for the limbs varied inconsistently with refeeding, possibly because of the worse reproducibility, that we also observed in anorexic patients, of segmental BIA compared to whole-body measurements. 35 Similarly, a clear increase in PhA occurred for the limbs, but, again, it was not so strictly related to changes in BMI or Wt as it was for the whole-body.
Conclusion
BI-index and phase angle increase in anorexic patients after stable Wt recovery, suggesting the occurrence of qualitative and quantitative changes in FFM. A high correlation was found between the modi®cations of whole-body phase angle and those of Wt or BMI.
